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ABSTRACT 

Four l a u n c h  windows s p a n n i n g  one-hundred-s ix ty  

d a y s  were found t o  e j t l s t  f o r  ballistic t r i p l e - p l a n e t  (Venus- 

Mars-Venus) f l y b y s  i n  l a t e  1976 and e a r l y  1977. A s s o c i a t e d  

w i t h  e a c h  ten-day  t o  two-week l a u n c h  window are  e a r l y  and 

l a t e  a r r i v a l s  a t  e a r t h .  

The c h a r a c t e r i s t i c s  of  a l l  e i g h t  d i s t i n c t  f ami l i e s  

o f  t r a j e c t o r i e s  a r e  b r i e f l y  d i s c u s s e d  to show t h a t  t h e  1977 

t r i p l e - p l a n e t  f l y b y  s h o u l d  b e  c o n s i d e r e d  a s t r o n g  c a n d i d a t e  

m i s s i o n  for o u r  p l a n e t a r y  e x p l o r a t i o n  program. 
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Flybys - Case 233 

FROM: A. A. VanderVeen 

MEMORANDUM FOR FILE 

Introduction 

Several families of all-ballistic triple-planet 
I ' i y b y s  (Earth-Venus-Mars-Venus-Earth) have been found for 
launch dates in late 1976 and early 1977. As a composite, 
these families offer a mission launch opportunity spanning 
one-hundred-sixty days with trip durations ranging from under 
six-hundred to over eight-hundred days. While their data are, 
as yet, incomplete, preliminary results indicate that the 1977 
triple-planet should be considered as a strong candidate mission 
for our planetary exploration program. A more complete and 
detailed analysis of this mission will be presented in a later 
memorandum after additional data has been acquired. 

General 

The one-hundred-sixty day opportunity is comprised 
of four launch windows, which may be designated A, B , T ,  and 
D. Corresponding to each of these windows are two distinct 
families of trajectories, one arriving at earth some seventy 
days earlier than the other. Let the arrivals be distinguished 
by types 1 and 2, so that the eight primary families of purely 
ballistic triple-planet flybys found thus far may be uniquely 
classified for reference purposes. 

Figure 1 shows schematically all eight distinct 
families by their dates of planetary encounter. Table 1 gives 
the trajectory parameters associated with the beginning and 
end of each launch window. It should be understood here that 
the window definition is not all-inclusive f o r  each family, 
but rather is merely represented by data obtained thus far. The 
families are listed in the order of increasing departure date 
with early and late earth arrivals tabulated in pairs. It 
can be seen that a trade-off exists between entry velocity 
and trip duration within each launch window. It may also be 
noted that distant passages of Venus at its second encounter 
are associated with the early arrival type trips. In fact, 
the 1976 dual-planet flyby reported in Reference 1 is a special 
case of the class A - 1  triple-planet flyby, whose earth return 
date has been advanced fifteen or twenty days, forcing the 
Mars-to-earth legs out of Venus' sphere of influence. 
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The e a r t h  d e p a r t u r e  d e c l i n a t i o n s  a re  a l s o  g i v e n  i n  
Table  1 f o r  e a c h  f a m i l y  of t r a j e c t o r i e s .  While t h e  c l a s s  B-1 
f a m i l y  o f f e r s  a r e l a t i v e l y  " c o m f o r t a b l e "  m i s s i o n  i n  terms o f  
i n j e c t i o n  v e l o c i t y ,  e n t r y  v e l o c i t y ,  and t r i p  d u r a t i o n ,  a p l a n e  
change would be  r e q u i r e d  o u t  o f  e a r t h  p a r k i n g  o r b i t  i n  o r d e r  
t o  a c q u i r e  t h e  outbound asymptote  w i t h  i t s  h i g h  d e c l i n a t i o n .  
A c u r v e  ( F i g u r e  2 )  has been  i n c l u d e d  to show t h e  minimum p l a n e  
change r e q u i r e d  as a f u n c t i o n  o f  l a u n c h  a z i m u t h .  

F i g u r e  3 shows a t y p i c a l  m i s s i o n  p r o f i l e  f o r  t h e  f a m i l y  
o f  c l a s s  B-2 t r a j e c t o r i e s .  T h i s  p r o f i l e  was chosen  t o  i l l u s t r a t e  
t h e  symmetry o f  t h e  1977 t r i p l e - p l a n e t  f l y b y  o p p o r t u n i t y .  It 
may h e  observed t h a t  e a c h  ef t h e  legs havz transfer angles c10s2 
t o  180"; i . e . ,  a l l  t r a n s f e r s  w i t h i n  t h i s  f a m i l y  a r e  bounded 
by  t h e  s t e e p  v e l o c i t y  g r a d i e n t s  of' t h e  180" t r a n s f e r  r i d g e s ,  
which a re  caused  b y  t h e  mutual  i n c l i n a t i o n s  of  t h e  p l a n e t s '  
o r b i t s .  The s y m m e t r y  p r o p e r t y ,  a l o n g  w i t h  t h e  c o n d i t i o n  t h a t  
1 ; d l l i s t i c  p a s s a g c s  ;it Lhe t e r m i n a l  p l a n e t s '  must e x i s t ,  r e q u i r e s  
that t h e  e l l i ~ ~ t i c z l  t r a n s f e r s  depa r t  and a r r i v e  a l m o s t  t a n -  
g e r i t i a l l y  t o  t:,? pi: tl1etal-y O i Y b i t S ,  whicil c u r i d i t i o n ,  i n  I,uriri, 
r e s u l t s  i n  t r a  jec t  I r i e s  having  low t e r m i n a l  v e l o c i t i e s .  The 
e a r l y  r e t u r n  f ami l i e s  have Venus-ear th  l e g s  which e n c o u n t e r  
e a r t h ' s  o r b i t  n o n - t a n g e n t i a l l y ,  and h e n c e ,  t h e  e a r t h  a r r i v a l  
v e l o c i t i e s  a re  much h i g h e r .  The t r a j e c t o r i e s  o f  e a c h  c l a s s  
o f  f a m i l y  have  symmetry w i t h  r e s p e c t  t o  t h e i r  Venus-Mars- 
Venus t r a n s f e r s .  T h i s  impor t an t  p r o p e r t y  r e s u l t s  i n  t r a j e c t o r y  
p r o f i l e s  whose maximum and minimum r a d i a l  e x c u r s i o n s  a re  
bounded by t h e  o r b i t s  of  Mars and Venus, r e s p e c t i v e l y ;  t h u s ,  
t h e  a s t e r o i d  b e l t  i s  avo ided .  

F i g u r e s  4 ,  5 ,  and 6 p r o v i d e  more d e t a i l e d  i n f o r m a t i o n  
r e g a r d i n g  t h e  a s y m p t o t i c  v e l o c i t i e s ,  e n c o u n t e r  da t e s ,  and 
p a s s a g e  r a d i i  a s s o c i a t e d  w i t h  f a m i l y  B-2 t r a j e c t o r i e s .  I n  
t h i s  f a m i l y  a nominal  t r a j e c t o r y  was s e l e c t e d  f o r  p u r p o s e s  o f  
s t u d y  s t a n d a r d i z a t i o n  w i t h i n  Bellcomm. I t ' s  s a l i e n t  f e a t u r e s  
a re  l i s t e d  i n  T a b l e  2 .  

F i g u r e  7 i l l u s t r a t e s  t h e  t r a d e - o f f  t h a t  e x i s t s  
between " b a c k i n g  up" t h e  l aunch  da t e  and p r o v i d i n g  a bend- 
a n g l e  de l t a -V  a t  t h e  f i r s t  p a s s a g e  o f  Venus ( t o  p r o v i d e  a 
1.1 r a d i i  c l e a r a n c e )  f o r  t h e  c l a s s  C - 1  f a m i l y .  It i s  n o t e d  
t h a t  beyond J D  2 4 4  3200 b o t h  t h e  i n j e c t i o n  delta-V and t h e  
p a s s a g e  de l ta -V i n c r e a s e  r a p i d l y  w i t h  l a u n c h  d a t e .  

The h i g h  ea r th  d e p a r t u r e  v e l o c i t i e s  a s s o c i a t e d  w i t h  
t h e  D-c lass  t r i p s  p l a c e  t h e s e  fami l ies  i n  a c a t e g o t y  o f  l e s s e r  
i n t e r e s t  t h a n  t h e  o t h e r s .  However, c o m p a r a t i v e l y  s h o r t  t r i p  
d u r a t i o n s  may be had,  i f  c o n t i n g e n c i e s  f o r c e  t h e  l a u n c h  d a t e  
t o  s l i p  i n t o  t h i s  l a t e s t  window. 
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Summary 

A one-hundred-sixty day  l a u n c h  o p p n r t u n i t y  comprised 
of four windows, e a c h  hav ing  a t  l eas t  t e n  d a y s  d u r a t i o n  a t  
ea r th ,  e x i s t s  i n  l a t e  1 9 7 6  and ea r ly  1977 t o  f l y  by Venus, 
Mars, and Venus b a l l i s t i c a l l y .  E a r l y  and l a t e  r e t u r n s  to 
e a r t h  a r e  p o s s i b k  f o r  each  l a u n c h  window, b u t  h i g h e r  e n t r y  
v e l o c i t i e s  accompany t h e  e a r l y  r e t u r n s .  

Mishion.; l aunched  d u r i n g  t h e  f i r s t  a v a i l a b l e  window 
a re  of  long d u r a t f o n ;  a s s o c i a t e d  w i t h  t h e  second window a r e  
h i g h  t l s r t h  d e p a r t i w e  d e c l i n a t i o n s ;  p a s s a g e - d i s t a n c e  d e l t a  V I S  

and h i g h  d e p a r k u r e  v e l o c i t i e s  ( p r o b a b l y  p r o h i b i t i v e )  a r e  
r e q u i r e d  f o r  t h e  l a t e  l aunch  m i s s i o n s .  So a c l e a r - c u t  e l lo ice  
o f  a "bes t "  m i s s i o n  i s  n o t  immedia te ly  a p p a r e n t .  However, i t  
i s  q u i t e  l i k e l y  t h a t  smal l  impu l ses  a t  t h e  f l y b y  p l a n e t s '  c an  
b e  made i n  o r d e r  t o  o b t a i n  a t r a j e c t o r y  t h a t  p o s s e s s e s  t h e  
b e s t  p r o p e r t i e s  o f  e a c h  f a m i l y  and t h e r e b y  a c h i e v e  a d d i t i o n a l  
m i s s i o n  f l e x i b i  i i t y .  

prol?,al?,ljr b e  T.equired for m i s s i o n s  sf +L- +L+:n;J v . ~ = m A n , . ~ .  
b11C b1111  u w I I I u v v v  , 1 7 7  

A s t e r o i d  p r o t e c t i o n  i s  of  minimum c o n c e r n  f o r  t h i s  
m i s s i o n ,  s i n c e  t h e  t r a j e c t o r i e s  do n o t  e x t e n d  beyond Mars' 
o r b i t .  

1 0  13-AAV-pdm A .  A .  VanderVeen 

Attachment  s 
R e f e r e n c e  
F i g u r e s  1-7 
T a b l e s  1 and 2 
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